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indication that the reduction in Tb is a controlled process. Some of these quantitative differences led to the conclusion that torpor in burramyid marsupials may be less "refined" than in the "perfect" model of hibernating rodents (Lyman 1982).
Physiological data are available for three of the six Australian burramyids (Bartholomew and Hudson 1962; Fleming 1985a, 1985b). Because large interspecific differences in the pattern of thermoregulation have been observed in rodent families that may contain "deep" hibernators and species that enter shallow, daily torpor (Lyman 1982), it was of interest to investigate whether such specific differences in the thermal physiology also occur in the burramyids. I also examined in greater detail the suggested differences in the physiology between placental hibernators and the marsupial family Burramyidae by studying temporal and thermal aspects of torpor in Cercartetus concinnus, the western pygmy possum, and C. lepidus (syn. Eudromicia lepida), the little pygmy possum.
F. GEISER MATERIAL AND METHODS

THE ANIMALS
Cercartetus concinnus is found in South Australia and Western Australia and occurs in mallee heath and dry sclerophyll forest. It is nocturnal, uses tree hollows as daytime shelters, eats insects, pollen, and nectar, and stores fat in its prehensile tail (Smith 1983 ).
Three males and two females were live trapped at various locations on the southeastern coast of South Australia and the Eyre Peninsula and kept in the laboratory at Ta 22 C under natural photoperiod. In autumn (March) they were transferred to a constant Ta Measurements of V02 were used to determine the metabolic rate of normothermic, inactive animals measured when a variation of less than 5% over at least 15 min occurred within an inactivity period of at least 30 min; the metabolic rate of torpid animals was determined at times of constant Vo2 over at least 30 min. Furthermore, the duration of torpor and the time that was required to arouse from torpor to normothermia were determined from these measurements (the Vo2 peak during arousal was assumed to be the end point of the arousal period). In some instances the displacement of sawdust from the animal's back was used to determine the duration of torpor. All measurements were conducted in a quiet controlled-temperature room (Ta + 0.5 C) that was acoustically insulated from the recording equipment. A video camera was used to observe the animals during the experiments.
A Servomex Model OA 184 paramagnetic oxygen analyzer was used for the Vo2 measurements together with a Rikadenki potentiometric recorder. The Vo2 was determined from the difference between the oxygen content in two parallel open-flow circuits, one being a room air reference and the other containing the animal. All gas volumes were corrected to dry standard temperature and pressure (STPD). The Ta was measured continuously in the respiratory chamber (volume 3 liters) with calibrated thermocouples. The Tb was measured with calibrated 0.5-mm diameter thermocouples inserted 20 mm into the rectum. Esophageal temperature during torpor was also determined occasionally. During induced arousal the rate of rewarming was determined by taping the therrmocouple wire of the rectally inserted thermocouple probe to the animal's tail.
A Student's t-test was used for comparisons of paired observations. Straight lines were fitted by linear regression analysis. Differences in slope and elevation were determined using the derived t-and F-values. Means of samples are expressed -SD. N = number of individuals, n = number of determinations.
RESULTS
Both Cercartetus concinnus and C. lepidus showed a high tendency to enter torpor. In all but one experiment, C. concinnus entered torpor during measurements of Vo2 when no food and water were provided and Ta was less than 20 C. All C. lepidus entered torpor under these conditions when Ta was less than 27 C. Apart from these induced torpor periods, the animals frequently entered torpor spontaneously in the laboratory when food and water were freely available (table 1) . Spontaneous torpor at Ta 19 C was observed in the morning; in the afternoon animals usually were normothermic. Cercartetus lepidus showed a greater tendency to enter torpor spontaneously than the larger C. concinnus.
Most entries into torpor in both species occurred between 2400 and 0600 hours, before the onset of light. The time of day when torpor commenced was not related to Ta. The nocturnal peaks of Vo2 during activity of C. concinnus occurred between 1845 and 0130 hours, with a mean of 21.1 + 2.1 h, and did not appear to be dependent on Ta. In C. lepidus, the nocturnal peaks of oxygen consumption associated with activity occurred between 1845 and 2200 hours (with two exceptions).
At temperatures above 15 C, both species usually entered torpor on a daily basis and aroused spontaneously in the afternoon. The longest torpor bouts of C. concinnus were 4 days at Ta 12 C and 8 days at Ta 8 C. In C. lepidus, torpor lasted for a maximum of 2 days at Ta 19 C (sawdust method) and about 6 days at Ta 8.7 C (Vo2 measurement; fig. 1 ).
Periods of apnea lasting for about 5 min at Ta 10 C were observed in torpid C. concinnus and longer than 30 min at Ta 8.7 C in C. lepidus. These periods were punctuated by marked polypnea.
Body temperatures at rest were stable at The rate of increase in Tb during arousal was directly related to Ta in both species (table 2). The fastest overall arousal rate was 0.65 C/min in C. concinnus and 0.81 C/min in C. lepidus. The fastest arousal rate determined over a period of 10 min was 0.79 and 0.90 C/min, respectively. The availability of food during the night preceding arousal did not influence the arousal rates. Initial differences (0.2-1.4 C) between esophageal and rectal temperature in C. lepidus observed at low Ta were gradually reduced during arousal.
The time required to arouse from torpor to normothermia increased exponentially with decreasing Ta (fig. 5) . No significant differences between induced and spontaneous arousal were observed in either species.
DISCUSSION
The present study suggests that torpor in marsupials is under precise control and that their thermoregulation is not inferior to their placental counterparts. There appear to be no general physiological differences in the characteristics of torpor and hibernation in placental and marsupial mammals. Both groups contain species that show profound torpor while others enter shallow, daily torpor.
Minimum Tb'S around 5 C as in pygmy possums (table 3) Body temperatures during torpor ofburramyids are regulated to remain at or above a specific minimum similar to dasyurids (Geiser et al. 1986) . However, the thermoregulatory increase in the metabolic rate occurred at a much lower Ta in burramyids (at Ta = 5 C) than in dasyurids (Ta > 11 C). The regulation of Tb at a specific minimum during torpor and the sensitivity to changes in Ta of less than 0.5 C show that torpor in pygmy possums is a controlled process.
In burramyid marsupials, the longest torpor bouts last from 2 to 13 days, with the possible exception of C. caudatus, which is found in Queensland rainforests and New Guinea (for review, Geiser 1985b). In hibernating rodents rhythmical arousal also occurs about every week or two ( At high Ta, both C. concinnus and C. The tendency to enter torpor spontaneously was high in both burramyids investigated. Torpor could be induced in au- tumn, spring, and summer by exposing an
